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Description 
TECHNICAL FIELD 

5 This invention relates to novel chromatographic supports useful for the separation and purification of 

oligonucleotides. Methods for the use of such supports and the manufacture of such supports are also dis- ^ 
closed. 

BACKGROUND OF THE INVENTION 

10 

The synthesis and purification of single stranded oligonucleotides is of great importance to molecular 
biologists due to their uses as probes and their uses in recombinant DNA technology. The oligomers of greatest 
interest range in size from about 1 5 to 50 bases in length. With the improvements in the technology of oligonuc- 
leotide synthesis over the past few years, the need for rapid separations and purification of the synthetic 

15 oligonucleotides is becoming paramount. 

Oligonucleotides were first separated by anion exchange chromatography on alkylammonium moieties 
bonded to polysaccharide based packing media as described by H. R. Matthews [Eur. J. Biochem., Vol. 7, 96 
(1968)]. These methods had the disadvantage of being limited to relatively short chain oligonucleotides, having 
extremely long analysis times, and poor resolution of the individual oligomers. The large particle sizes used 

20 for the packing material contributed to these difficulties. 

T. F. Gabriel and J. E. Michalewsky, [J. Chromatogr., Vol. 80, 263 (1973)] described the use of a pellicular 
ion exchange packing for the high performance ion exchange separation of oligonucleotides. This material 
allowed the separation in a shorter time, but only short chain oligonucleotides were investigated. M. J. Gait and 
R. C. Sheppard, [Nucleic Acid Res., Vol. 4, 1135 (1977)] reported the use of a microparticulate silica based 

25 strong anion exchanger which allowed the separation of deoxythymidyl oligomers up to seven bases in length 
within 20 minutes. This method still suffers from the inability to resolve longer oligonucleotides. 

W. Haupt and A. Pingoud [J. Chromatogr., Vol. 260, 419 (1983)] used the same packing with a modified 
mobile phase to separate oligomers of deoxyadenosine and obtained a degree of resolution to oligomers of 
around 25 to 30 bases in length. The actual size of the individual oligonucleotides was poorly defined and 

30 baseline resolution was not achieved for oligomers more than approximately 15 bases long. These authors 
reported that the separations achieved by ion exchange chromatography were dependent upon the chain length 
of the oligonucleotide. No evidence of purity of the isolated materials was given. 

The anion exchange chromatography of oligonucleotides on a polymer based strong anion exchange ma- 
terial was reported by M. V. Cubellis, et al. [J. Chromatogr., Vol. 329, 406 (1985)] for the separation of 15 to 

35 18 base long oligonucleotides within 50 to 60 minutes. They report that at alkaline pH the separations became 
less influenced by the base sequency of the oligonucleotide. 

W. Jost. et al. [J. Chromatogr. Vol. 185, p. 403 (1979)] reported the synthesis of a weak anion exchanger 
prepared from the reaction of N,N-dimethyl-2-hydroxyethylamine with glycidoxypropyl-substituted silica. They 
reported that the separation of oligonucleotides was related to their secondary structure. The isocratic sepa- 

40 ration of oligouridylic acids of up to 9 bases in length within 20 minutes was reported. This support still does 
not allow separation of longer chain oligonucleotides. 

The use of an aminopropyl-silica weak anion exchanger for the separation of small heterooligonucleotides 
was reported by L. W. McLaughlin, et al. [Anal. Biochem., Vol. 112, 60 (1981)]. Retention was shown to be 
dependent on chain length and on the sequence and nature of the bases comprising the oligonucleotide. 

45 Oligonucleotides up to only 12 bases in length were separated in a time of 100 minutes. 

Polyethyleneimine, crosslinked on silica gel, was used by J. D. Pearson and F. E. Regnier, [J. Chromatogr., 
Vol. 255, 137 (1983)] as a weak anion exchange material for the separation of oligoadenylic acids and 
oligothymidylic acids. Resolution of oligo(A) up to 17 bases and oligo(T) up to 15 bases was achieved in an 
isocratic mode in 80 and 60 minutes, respectively. This use of a slowly changing gradient profile allowed the j 

so separation of oligo(A) as high as 35-mer, albeit over 5 hours and with poorer resolution. No separations of he- 
tero-oligomers were demonstrated. 

Methylation of polyethyleneimine, crosslinked on silica (3 |im diameter) was reported by R. R. Drager and « 
F. E. Regnier [Anal. Biochem., Vol. 145, 47 (1985)] to improve the separation of oligonucleotides. A gradient 
separation of oligo(A) in the 40 to 60 base range was reported. They also reported the chromatography of 

55 o!igo(A) of up to 18 bases and oligo(T) up to 24 bases. In addition, the chromatography of two hetero-oligomers 
of 18 bases in length were reported. No independent data (such as gel electrophoresis) was given to assess 
the plurality of the isolated components. The chromatography required 2 hours to achieve separation of the 
hetero-oligomers. 
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Mixed-mode chromatographic separations of multifunctional compounds have been known for some time. 
J. Visserand M. Strating [Biochem. Biophys. Acta., Vol. 384, 69 (1975)] reported the mixed mode separation 
of proteins on a stationary phase prepared from the reaction of aminohexanol with cyanogen bromide activiated 
Sepharose. This phase was noted to show results very similar to those from a similar phase prepared from 
5 propylamine. No separations of oligonucleotides was reported. 

G. C. Walker, et al. [Proc. Nat. Acad. Sci. USA, Vol. 72, 122 (1975)] described the use of a quaternary 
ammonium salt coated on a Kel-F article (designated as RPC-5) as a packing material for the separation of 
oligonucleotides. Typical operating conditions for this material were reported by R. D. Wells, et al. [Meth. 
Enzymol., Vol. 65, 327 (1980)]. These workers demonstrated the separation of oligodeoxyadenylic acid up to 
10 40 base units long within 3 hours. The major disadvantage with this material was bleed of the quaternary 
ammonium phase, especially at low ionic strength. 

Packings designed to exploit mixed mode separations for oligonucleotides were developed by R. Bischoff 
and L W. McLauchlin (J. Chromatogr., Vol. 270, 117 (1983)]. They reacted organic aminoacids with aminop- 
ropyl silica to make phases with both weak anion exchange and reversed phase properties. These workers 
15 studied only oligomers up to 10 bases in length, the separation of which took 60 minutes. This support allowed 
separation oligonucleotides of the same chain length based upon base sequence. 

J. B. Crowther, et al. [J. Chromatogr., Vol. 282, 619 (1983)] described an alternative approach in which 
they bonded two different silanes to silica, one a reversed phase C8, the other a chloropropylsilane which was 
subsequently converted to a strong anion exchange group by reaction with dimethylbenzylamine. This material 
20 allowed rapid separations, a 13 base oligouridylic acid was analyzed in 20 minutes, and a hetero-oligonuc- 
leotide 15 units long in 29 minutes. Again, the separation of long oligonucleotides was not reported. 

In an attempt to mimic the RPC-5 packing (which is no longer commercially available), R. Bischoff and L. 
McLauchlin [Anal. Biochem., Vol. 151, 526 (1985)] coated an octadecylsilica with methyloctylammonium 
chloride. The separation of oligomers of deoxyuridylic acid up to 90 units in length over a period of 19 hours 
25 was shown, although baseline resolution was lost beyond components greater than 30 bases long which eluted 
in 12 hours. The main purpose of this work was to purify tRNA rather than the synthetic oligonucleotides. The 
major disadvantages of the material are the long analysis times and the potential of column bleed. 

Other techniques of liquid chromatography have also been used for the purification of oligonucleotides. 
Reversed phase chromatography of both protected and unprotected oligonucleotides up to 12 base units in 
30 length was reported by H-J Fritz, et al. [Biochemistry, Vol. 17, 1257 (1978)]. No apparent correlation between 
chain length of oligonucleotide and retention was observed. 

A. M. Delort, et al., [J. Chromatogr., Vol. 283, 462 (1984)] reported the separation of a variety of hetero- 
oligonucleotides up to 19 bases long by reversed phase chromatography. These analyses were rapid, being 
complete in less than 20 minutes but no correlation of retention time with chain length was seen. 
35 Reversed phase ion-pair chromatography has been used for the separation of oligonucleotides. W. Haupt 

and A. Pingaud [J. Chromatogr., Vol. 260, p. 419 (1983)] have reported a gradient method for the analysis of 
oligonucleotides up to 16 bases long. The separation was related to chain length and was accomplished in 
about 45 minutes. The disadvantage of ion pair methods is that the ion pair reagent must be removed from the 
collected fractions. In addition, the resolution between homoiogues was shown to be less in ion pair than with 
40 ion exchange chromatography as larger oligonucleotides are separated. 

Charge transfer chromatography of oligonucleotides using acriflavin bonded to agarose has been des- 
cribed by J. M. EgIy[J. Chromatogr., Vol. 215, 243 (1981)]. This was used only for short chain compounds (up 
to 8-mer) and was very slow, typical separation times being on the order of 6 hours. 

The enhancement of stability of bonded phase packings and silica to hydrolysis by buffers at pH values 
45 above 7 by introducing zirconium atoms into the silica structure has been disclosed by Stout (U.S,. 4,600,646 
issued July 15,1 986). Packings for the size exclusion chromatography of biopolymers were shown to have gre- 
ater stability than similar materials which had not been so stabilized. No separations of oligonucleotides was 
reported. 

It is thus apparent that a number of methods and materials are known for the separation of oligonucleotides, 
so none of which meet all of the desirable criteria for separation and purification of oligonucleotides. Those desi- 
rable criteria are : rapid separation (generally less than 1 hour) ; separation based upon chain length resolution 
sufficient to allow recovery of substantially pure oligonucleotides ; and being sufficiently stable to allow repro- 
ducible separations and preventing contamination of the product with released bonded phase. Most known 
separations are limited to small (up to 20 bases) oligonucleotides arid require 1 to 2 hours. 
55 The methods and materials which allow separation of longer oligonucleotides generally require very much 

longer analysis times and typically do not give good resolution between homoiogues. The need remains for a 
rapid separation of oligonucleotides in the 10 to 45 - mer range which allows isolation of individual oligomers 
with high purity. 
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The present invention provides a chromatographic packing comprised of an inert porous support particle 
and a siiane bonded phase comprising (a) a weak anion exchange group consisting of either 

- (NH) - or -(C-NH)- 

5 

and at least two polar non-ionic groups each within three backbone chain atoms of the weak anion exchange 
group and wherein the siiane surface coverage of the particles is more than 0.9 umole/m 2 . 

The invention also provides a method of separating oligonucleotides comprising chromatographing said 

10 oligonucleotides on a support comprised of a weak anion exchange group within three backbone chain atoms 
of at least two polar non-ionic groups. 

Surprisingly, it has been found that oligonucleotides up to about 45 nucleotides in length can be purified 
to substantial homogeneity by HPLC on supports coated with a siiane bonded phase comprised of a weak anion 
exchange group with at least one polar non-ionic group close to the anion exchange group. The most preferred 

15 HPLC packing is comprised of surface stabilized silica, as described by Stout (U.S. 4,600,646) and a siiane of 
the structure : 



20 (OCHg ) 3 -Si-CH 2 -CH 2 -CH 2 -0-CH 2 -CH~CH 2 ^NH-CH 2 -CH 2 -OH 

OH 

The secondary amine group provides the necessary weak anion exchange group and the two hydroxyl 
25 groups provide the polar non-ionic groups. This siiane is prepared by modification of the known y-glycidoxyp- 
ropyltrimethoxysilane with aminoethanol. The unique chromatographic packings of this invention are formed 
by bonding the modified siiane to a support. When that support is silica the following structure is formed : 



30 

Silica-0-Si-OT 2 -CH 2 ^CH 2 -0-CH 2 -CH-CH 2 -NH-CH 2 -CH 2 -OH 

OH 

35 Methods of formulating the various chromatographic packings are also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention described herein would be better understood when considered in conjunction with the accom- 
panying drawings in which : 

Figures 1-6 depict the separation of various oligonucleotides produced using an oligonucleotides synth- 
esizer ; and 

Figures 7-11 depict the results of separation accomplished using the packing of this invention on several 
oligonucleotides synthesized using methylphosphoramidite chemistry. 

DETAILED DESCRIPTION OF THE INVENTION 

The unique chromatographic packings of this invention can be based upon many different support materials 
including silica, alumina and organic polymers such as crosslinked polystyrene-divinylbenzene resins. These 
so supports should be inert and are preferably porous. The support should consist of small particles, preferably 
spherical with sizes ranging from about 2 urn to about 30 urn in diameter with about 3 to 6 jim being preferred. 
The particles should be stable to a range of organic solvents such as toluene, tetrahydrofuran, methaol, 
acetonitrile, acetone, N,N-dimethyIformamide, and Freon® fluorocarbons such as 1,1,2-trichioro-1,2,2-trif- 
luoroethane. Silica supports are generally preferred, with the surface stabilized silica of Stout (U.S. 4,600,646) 
55 being most preferred. A commercially available silica suitable as a support is sold under the tradename Zorbax® 
by E. I. du Pont de Nemours & Co., Inc. (Wilmington, DE). 

Siiane bonded stationary phases constituting the packings of this invention comprise weak anion exchange 
groups in proximity to non-ionic polar groups and some hydrophobic regions. Those that are silane-based 



40 
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phases are generally prepared by modification of known silanes containing appropriate reactive groups to intro- 
duce the necessary interactive groups. These known silanes must be capable of reacting with the silica surface 
and the modifying reagents. The most preferred of these known reactive silanes is y-glycidoxypropyl- 
trimethoxysilane. This silane can be modified by reaction of the epoxide group with a suitable reagent. The 
5 mofofied silane is still capable of binding to the surface of the silica. Suitable modifying reagents have the gen- 
eral formula : 



NH -(CH )n-OH 

10 

where n is other 2 or 3. The resulting bonded phase has the structure 

15 S i -CH 2 -CH 2 -CH 2 -0 -CH 2 -CH-CH 2 -NH- { CH 2 ) n -OK 

OH 

where n is other 2 or 3. The reagent with n = 2, 2-aminoethanol, is most preferred. 
20 Other modifying reagents have the general formula : 

X 

KH 2 -C(CH 2 OH) n H (2-n) 

25 

where n = 1-2 and x = alkyl or hydroxyalkyl. The resulting bonded phase has the structure 

X 

30 | 

Si-CH 2 -CH2-CH2-0-CH2-CH-CH 2 --KH-C(CH2OH) n H(2-n) 

OH 

35 where n = 1-2 and x = alkyl or hydroxyalkyl. For supports with more than one hydroxyl group in close proximity 
to the weak anion exchange group (in this case, a secondary amine) the interaction with the oligonucleotide is 
increased and the retention volume increased. Higher ionic strength solvents are required to elute the solutes 
from these types of columns. 

Alternatively, the modified silane can be formed in situ on the surface of the support by first attaching the 

40 known reactive silane to the support then modifying the silane by reaction with the modifying reagent. Said mod- 
ifying reagents are also commonly called ligands. 

The more preferred method is to react the modifying reagent with the known reactive silane first, then bond 
the preformed modified silane to the support as described above. The latter process generally provides a higher 
yield of the desired support. When using the preferred known silane, the latter process also avoids the possibility 

45 that the epoxide ring will react with the support surface or traces of water, thereby diminishing its capacity to 
react with the modifying reagent. The reaction conditions required for production of the modified silane depend 
upon the particular reagents used, but will, in general, be readily apparent to the skilled artisan. The reaction 
of the preferred modifying reagent, 2-aminoethanol, and the preferred silane, y-glycidoxypropyltrimethoxysi- 
lane, can be accomplished by refiuxing them in a mixture of toluene and N.N-dimethylformamide (3 : 1 v/v) for 

so about 2 hours. The preferred modified silane has the structure : 



55 



(OCH 3 ) 3 Si-CH 2 -CH 2 -CH 2 -O^CH 2 -<pi-CH 2 -NH-CH 2 -CH 2 -OH 

OH 

Again, the secondary amine provides the weak anion exchange group and the hydroxyls the polar non-ionic 
groups. 
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A systematic name for said preferred silane is 



10 



15 



3-[3'-(2"-Hydroxyethylamino)-2'-hydroxypropoxy] propyltrimethoxysilane 

Other reaction sequences are known which can attach modifying reagents to siianes. One common 
approach is to use 4-nitrophenyIchloroformate to activate a hydroxyl group. This approach can be used with 
the so-called diol supports resulting from hydrolysis of the epoxide of y-glycidoxypropylsilica. Activation with 
4-nitrophenyIchloroformate followed by reaction with 2-aminoethanol leads to a packing with the following struc- 
ture : 

Silica-0-Si-CH 2 -CH 2 -CH 2 -0-CH 2 -CH-CH 2 -0 -i-NH-CH 2 CH 2 OH 

OH 



The carbamate linkage formed possesses only limited anion exchange characteristics, but nevertheless does 
provide the necessary functionality. The hydroxyls present provide the polar non-ionic groups. Retention of 
oligonucleotides by this packing is generally less than with those containing a secondary amino group. For that 

20 reason carbamate containing packings generally require lower ionic strength solvents. 

These preformed modified siianes can be attached to the support under a variety of different conditions 
depending, in part, upon the nature of the support. When a silica support is used, the bonding can be done in 
aqueous or non-aqueous solvents. It is preferred to perform the bonding to the silica in the same solvent as 
used during the formation of the modified silane, this generally being an organic solvent. Mixtures of solvents 

25 can also be used, with a mixture of toluene and N,N-dimethylformamide being preferred. The preferred modified 
silane can be attached to a silica support by stirring in a mixture of reflux! ng toluene and N,N-dimethylformamide 
for about 1 6 hours. Modifications to this procedure will be readily apparent to the skilled artisan. The attachment 
of siianes to other supports is generally accomplished in a similar manner ; however, compatibility of the support 
and solvent used must be taken into account. These procedures are generally known to the skilled artisan. Fol- 

30 lowing preparation of the packing it is generally desirable to wash extensively with a series of solvents and then 
dry the packing before packing into a suitable chromatographic column. Column packing can be accomplished 
by any of the known methods. 

The packings of this invention can be used for the separation of mixtures of polyfunctions compounds, 
particularly biomacromolecules and most particularly oligonucleotides. These separations can be accom- 

35 plished either isocratically or by gradient elution. Gradients of pH, organic solvent or preferably ionic strength 
can be used. Otherfactors which affect the separation are the surface coverage of the bonded phase, the nature 
of any organic solvent used, temperature and the flow rate. Packings with silane surface coverage of less than 
about 0.9 nmole/m 2 gave poor separation while those with surface coverage greater than 1.5 jimole/m 2 gave 
uniformly good separation . 

40 The mobile phase useful in the method of this invention can have a pH in the range from about 4.0 to about 

8.5. The useful pH range will depend heavily upon the stability of the support material (i.e., silica, surface stabi- 
lized silica, alumina). A convenient pH range for most applications is between about 6.0 and about 7.0. Control 
of the pH is accomplished by use of an aqueous buffer. Generally, any buffer compatible with the solutes to 
be separated can be used, but phosphate buffer is preferred. It is normally desirable to include some amount 

45 of organic solvent in the mobile phase. In the range of about 5% to about 50% increasing organic solvent causes 
reduced retention of the solute on the column. A preferred mobile phase is approximately 20% acetonitrile (v/v) 
in 0.02 M sodium phosphate buffer, pH approximately 7.0. Separation of oligonucleotides can be accomplished 
using such a buffer with a gradient of 0 to about 1 M sodium chloride. Ambient temperatures are generally pre- 
ferred for separation of oligonucleotides up to about 40 bases in length. Longer oligonucleotides or those with 

so a strong tendency to form double stranded loops may require higher temperatures. 

The mechanism by which separation is accomplished is not known with certainty ; however, the following 
discussion is provided as an aid to understanding the method of this invention. Under the preferred separation 
conditions the secondary amine group present on the support is protonated and thus acts as a weak anion 
exchange group. During the separation of oligonucleotides, this weak anion exchange group is expected to 

55 interact with the phosphate groups which make up part of the backbone of said oligonucleotides. The hydrocar- 
bon portion of the known silane portion of the packing provides some hydrophobic character to the packing. 
This portion of the packing can interact with the more hydrophobic portions of the oligonucleotide. These 
hydrophobic interactions are mitigated by the polar hydroxyl groups. The particular orientation of these hydroxyl 
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groups adjacent to the secondary amino group may allow a specific interaction with portions of the oligonuc- 
leotide. It may be due to this particular orientation that the 2-aminoethanol modified y-glycidoxylpropyl- 
trimethoxysilane is the most preferred bonded phase. 

The following examples aid the understanding of the packings and method of this invention. 

5 

EXAMPLE 1 

Synthesis of [3(hydroxyethylamino)-2-hydroxypropoxy]propylsilylsilica 

10 Toluene (1 50 mL) and N,N-dimethylformamide (50 ml_) were heated to reflux under a Dean and Stark trap. 

15 mL of condensate was removed from the trap. y-Glycidoxypropyltrimethoxysilane (2 g) and 2-aminoethanol 
(0.5 g) were added sequentially and the mixture was heated under reflux for two hours. After cooling, 5 g of 
Zorbax® silica (E. I. du Pontde Nemours & Co., Inc., Wilmington, DE), was added and the mixture was heated 
with stirring under reflux for 16 hours. The product was filtered, washed with 2 x 200 mL of tetrahydrofuran, 

15 resuspended in tetrahydrofuran (200 mL) and was heated to reflux with stirring for 5 minutes. The product was 
again filtered, washed with 2 x 200 mL of tetrahydrofuran and 2 x 200 mL of Freon*" 1 (1 ,1 ,2-trichloro-l ,2,2-trif- 
luoroethane) and dried. 

EXAMPLE 2 

20 

Chromatographic Purification of Oligonucleotides 

A. Column Preparation 

25 The packing material produced in Example 1 was loaded into columns (25 cm x 4.6 mm, 15 cm x 4.6 mm, 

5 cm x 4.6 mm or 8 cm x 6.2 mm) made from 316 stainless steel by standard slurry techniques. 

B. Chromatographic Procedures 

30 All chromatographic procedures were carried out at ambient temperature using either a Waters Associates 

HPLC system or an LKB GTi liquid chromatograph. Buffers used were : 20% acetonitrile in 0.02 M potassium 
dihydrogen phosphate solution adjusted to pH 6.0 (Solvent A) ; 20% acetonitrile in 0.02 M potassium dihydro- 
gen phosphate containing 1M potassium chloride, adjusted to pH 6.0 (Solvent B) ; 20% acetonitrile in 0.02 M 
sodium dihydrogen phosphate adjusted to pH 7.0 (Solvent C) ; and 20% acetonitrile in 0.02 M sodium dihyd- 

35 rogen phosphate containing 1 M sodium chloride adjusted to pH 7.0 (Solvent D). 
The solvent gradients employed were : 

A) 0 to 100% Solvent B in Solvent A in 40 minutes, convex gradient curve, flow rate 1.0 mL/min. 

B) 15 to 75% Solvent D in Solvent C in 40 minutes, linear gradient, flow rate 1.0 mL/min. 

40 C. Purification of Oligonucleotides 

The following separations were accomplished using the procedures described in Example 2.B. The 
oligonucleotides were produced using an Applied Biosystems (Foster City, CA) Model 380 oligonucleotide 
synthesizer with methylphosphoramidite chemistry according to the manufacturer's instructions. Results are 
45 reported in Figures 1-6. 

i) Oligonucleotide : AAAAAAAAAAAAAAA 
Column size : 5 cm x 4.6 mm 
Gradient : A 
Figure : 1 

50 ii) Oligonucleotide : CGTTTCTGGTCTCAGATTTT 

Column size : 25 cm x 4.6 mm 
Gradient : B 
Figure : 2 

iii) Oligonucleotide : AAATCGTCCCAGC AC CG ATCACC 
55 Column size : 5 cm x 4.6 mm 

Gradient : A 
Figure : 3 

iv) Oligonucleotide : GCGCCGTATCGTCAATCGTCCCC. 
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Column size : 5 cm x 4.6 mm 
Gradient : A 
Figure : 4 

v) Oligonucleotide : AAAGCGGAACTTCGCCGTATCT. 
5 Column size : 5 cm x 4.6 mm 

Gradient : A 
Figure : 5 

vi) Oligonucleotide : CTTCAACCAGCAGGTTAGCAGACTGAG 
Column size : 5 cm x 4.6 mm 

10 Gradient : A 

Figure : 6 

D. Analysis of Purified Fractions 

15 Peak fractions were collected from the major peaks of (Hi) through (vi), desalted using a Sephadex G-25 

gel permeation column and were freeze-dried. The resulting lyophilized powder was redissolved in 20 micro- 
liters of water and subjected to polyacrylamide gel electrophoresis according to the method of Frank et al. [Nucl. 
Acids Res., Vol. 9, 4967 (1981)]. Based upon the electropherograms, the oligonucleotides resulting from the 
chromatographic purification were greater than 90% pure. 

20 

EXAMPLE 3 

Chromatographic Purification of Oligonucleotides 

25 A. Column Preparation 

The packing material produced in Example 1 was loaded into an 8 cm x 6.2 mm stainless steel column 
using standard slurry techniques. 

30 B. Chromatographic Procedures 

Solvents A-D are as described in Example 2.B. Solvent E = 0.02 M potassium phosphate, 2.0 M potassium 
chloride, 20% acetonitriie, pH 6.0. The solvent gradients used were : 

C) 0 to 100% Solvent B in Solvent A in 60 minutes, flow rate = 0.5 mL/min. 
35 D) 0 to 100% Solvent E in Solvent A in 120 minutes, flow rate = 0.5 mL/min. 

E) 35 to 60% Solvent D in Solvent C in 90 minutes, flow rate = 1.0 mL/min. 

C. Purification of Oligonucleotides 

40 The following separations were accomplished using the procedures described in Example 3.B. The 

oligonucleotides were produced using an Applied Biosystems (Foster City, CA) Model 380 synthesizer with 
methylphosphoramidite chemistry according to the manufacturer's instructions. The results are reported in Fig- 
ures 7-11. 

i) Oligonucleotide : dT 2 4 and dT 2 s 
45 Gradient : E 

Figure : 7 

ii) Oligonucleotide : dT 3 to dT^ from a failed synthesis of dT^ 

Gradient : E 
Figure : 8 

50 iii) Oligonucleotide : GCGTACGCTCGAGATCTCCTTTGTCGA 

Gradient : C 
Figure : 9 

iv) Oligonucleotide : GAACGCTTTCTACGAAATCCTGCATCTGCCGAACCTGAACGA 
Gradient : D 

55 Figure : 10 

v) Oligonucleotide : AGAACAGCGGTAACGGCTTCATTCAGTCTCTGAAAGACGACCCGT 
Gradient : D 

Figure : 11 
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D. Analysis of Purified Fractions 

Peak fractions were collected from the major peaks of (iii) through (v), and analyzed as in Example 2.D. 
The oligonucleotides were found to be grater through 90% pure, only a trace of n-1 oligomer being detected. 

5 

EXAMPLE 4 

Synthesis of Bonded Phase Packing Materials 

10 A) Synthesis of y-Glycidoxypropylsilica 

Silica (5 g) was suspended in an aqueous suspension of glycidoxypropyltrimethoxysilane (1 g in 200 mL, 
pH 6.5) in a flask connected to a vacuum pump. The flask was placed in an ultrasonic bath and was evacuated. 
After release of pressure the flask was heated to 90°C for 2 hours with occasional shaking. The product was 
15 filtered, washed with distilled water (200 mL), methanol (200 mL) and diethyl ether (200 mL) and was dried 
under vacuum. 

B) Synthesis of Ligand Bonded Phase Packings 

20 A series of ligand bonded phase packings were synthesized as follows : y-glycidoxypropylsilica (2.5 g) was 

suspended in 100 mL of a 1% solution of 3-aminopropanol in tetrahydrofuran. The suspension was heated at 
reflux for 2 hours. The product was filtered and washed with 500 mL of distilled water and 200 mL of methanol 
and sucked dry on the filter. The product was suspended in 50 mL of 0.01 M hydrochloric acid (pH 3.5) and 
heated to 75° for about 30 minutes. The final product was filtered ; washed with 500 mL of distilled water, 200 

25 mL of methanol and 100 mL of diethyl ether ; and dried under vacuum. 

This process was repeated with the following ligands : 4-aminobutanol, aminomethane, aminoethane, hyd- 
roxylamine, glycine, 2-mercaptoethanol, 2-amino-2-methyl-1,3-propanedioI (AMPD), and 2-amino-2-ethyl-1 ,3- 
propanediol (AEPD). The AMPD and AEPD derivatized supports could not be synthesized by this method. 
Supports derivatized with these ligands were successfully prepared according to the procedure of Example 1 

30 by substituting AMPD or AEPD for 2-aminoethanol. 

C) Evaluation of Ligand Bonded Phases 

Columns (5 cm x 4.6 mm) were packed with each of the above described packing materials using standard 
35 slurry techniques. The performance of each was tested by analyzing dAi 5 as described in Example 2.C.L The 
results are summarized in the table below : 



40 



45 



50 
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TABLE 

Performance of Liaand Bonded Phases 

Resolution of 

No. Liaand Oligonucleotide dA 

1 2-Aminoethanol *** 

(from Ex. 2.C.i. ) 



2 


3-Aminopropanol 




** 


3 


2-amino-2-methyl 1. 


3 propanediol 


** 


4 


2-aiaino-2-ethyl 1.3 


propanediol 




5 


4-Aminobutanol 




* 


6 


Aminomethane 




* 


7 


Aminoethane 




* 


8 


Hydroxylamine 






9 


Glycine 




+ 


10 


2-Mercaptoethanol 




+ 



*** Excellent resolution 



Fair resolution 

30 

* Poor resolution 



Elutes in void volume of column 



35 These results indicate that the products of this invention (numbers 1-4, those ligands incorporating a weak anion 
exchange group in close proximity to a non-ionic polar group) retain oligonucleotides on the column and allow 
resolution of the oligonucleotides. The poorer resolution obtained with the 4-aminobutanol ligand is believed 
to be due to the greater distance between the weak anion exchange groups and the polar group. Those ligands 
not retaining the oligonucleotides are not useful in this application. 

40 

EXAMPLE 5 

Synthesis of 3(3 , -tris(hydroxymethyl)- methylamino-2 , -hydroxypropoxy)-propylsilylsilica 

45 A mixture of toluene (150 mL), N,N-dimethylformamide (50 ml), y-glycidoxypropyltrimethoxysilane (4 mL) 

and tris(hydroxymethyl)methylamine (3 g) were stirred for 16 hours at room temperature. The mixture was then 
heated under reflux for 5 hours. The mixture was cooled and Zorbax® PSM 150 silica (10 g) was added. The 
mixture was heated under reflux for a further 19 hours. The product was filtered hot and was washed with tet- 
rahydrofuran (THF, 2 x 200 mL), suspended in THF (200 mL) and brought to reflux. The bonded phase silica 

so was filtered and washed with THF (2 x 200 mL) and Freon® (2 x 200 mL). 

The bonded phase silica thus prepared was packed into a column 8 cm x 6.2 mm, by standard slurry techni- 
ques and was evaluated as described in Ex. 2.C.L The oligonucleotide was retained to a very high degree and 
resolution was poor. It is believed thatthe retention could be decreased and the resolution improved by selection 
of more stringent elution conditions. 

55 
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EXAMPLE 6 

Synthesis and Evaluation of an Alternate 2-Aminbethanol Bonded Phase 

5 Zorbax® GF-250 silica (available from E. I. Du Pont de Nemours, Wilmington, DE) (50 g) was suspended 

in a mixture of tetrahydrofuran (250 mL) and pyridine (25 mL). This mixture was heated to reflux with stirring 
in a Dean and Stark apparatus. 20 mL of distillate was removed. The mixture was cooled and p- 
nitrophenylchloroformate (31 .4 g) was added. The trap was removed and the mixture heated to reflux overnight. 
The product was filtered warm and was washed with THF (150 mL) and was slurried in 80% aqueous THF and 

10 brought briefly to reflux before filtration. The filter cake was washed with THF (1 50 mL). The product was resus- 
pended in THF, refluxed for 5 minutes, filtered and washed with THF (2 x 150 mL) and Freon® (2 x 150 mL). 

To a suspension of the dried p-nitrophenylformate derivative of the silica (1 0 g) in THF (250 mL) was added 
2-aminoethano (2 mL). The mixture was heated with stirring under reflux for 2 hours. The product was filtered 
and was washed with THF (2 x 200 mL) and Freon® (2 x 200 mL) and dried. 

15 The bonded phase packing was loaded into stainless steel tubes (8 cm x 6.2 mm) by conventional slurry 

techniques and was used for the analysis of oligonucleotides using the methods described in Ex. 2.C. These 
columns gave less retention as well as poorer resolution of the oligonucleotides than the packings prepared 
via the direct reaction of ethanolamine with giycidoxypropylsilane. 

20 

Claims 

1. A packing for use in chromatographic separations comprising inert support particles having bonded 
thereto a silane which contains (a) a weak anion exchange group consisting of either 

25 

-(NH)- or -(S-NH)- 

30 and at least two polar non-ionic groups each within three backbone chain atoms of the weak anion exchange 
group and (b) hydrophobic regions and wherein the silane surface coverage of the particles is more than 0.9 
jimole/m 2 . 

2. A packing according to claim 1 wherein the support particles comprise silica, alumina or an organic 
polymer. 

35 3. A packing according to claim 1 or 2 wherein the support particles are from 2 u.m to 30 urn in diameter. 

4. A packing according to claim 1 , 2 or 3 wherein the weak anion exchange group is a secondary amine 
group and the polar non-ionic group is a hydroxyl group. 

5. A packing according to claim 4 wherein the bonded silane comprises a group of the formula 

40 Si-CH 2 -CH2-CH2-0-CH2-CH«CH2-NH-(CH 2 ) n -OH 

OH 

where n is an integer either 2 or 3. 
45 6. A packing according to any one of claims 1 to 3 wherein the group is of the formula 



o 
II 

S i-CH 2 -CH 2 -CH 2 -0-CH 2 -CH-CH 2 -0-C-NH-CH 2 -CH 2 -OH 

OH 

7. A packing according to claim 4 wherein the bonded silane comprises a group of the formula 

55 
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X 
I 

S 1-CH 2 -CH 2 -CH 2 -0-CH 2 -CH-CH 2 -NH-C ( CH 2 OH } r H ( 2 _ n 

5 OH 

where n is 1 or 2 and X is alkyl or hydroxyalkyl. 

8. A method of separating oligonucleotides which comprises entraining the oligonucleotides in a mobile 
liquid phase and chromatographicaily subjecting the oligonucleotides to a packing as claimed in any one of the 

10 preceding claims by passing the mobile phase through the packing, thereby using both reversed-phase and 
ion-exchange mechanisms to effect the separation. 

9. A method according to claim 8 wherein the mobile phase has a pH from 4.0 to 8.5. 

1 0. A method of formulating a chromatographic packing for use in chromatographicaily separating oligonuc- 
leotides, which comprises either reacting a reactive silane with a modifying reagent containing a weak anion 

15 exchange group and a polar non-ionic group to provide a modified silane, and then reacting the modified silane 
with a support, or reacting the reactive silane with the support and then with the modifying reagent, wherein 
the modified silane contains a) a weak anion exchange group consisting of either 



20 



- (NH) - or (-fe-NH) - 



and at least two polar non-ionic groups each within three backbone chain atoms of the weak anion exchange 
group and b) hydrophobic regions and where the silane surface coverage of the particles is more than 0.9 
pmole/m 2 . 

25 1 1. A method according to claim 10 wherein the modifying reagent is of the formula NH 2 -(CH 2 ) n -OH, where 

n is either 2 or 3. 

12. A method according to claim 10 wherein the reactive silane is y-glycidoxy propyltrimethoxy silane and 
the modifying agent is 2-aminoethanol. 

13. A method according to claim 10 wherein the modifying reagent is of the formula 

30 

X 

NH 2 -C(CH 2 OH) n H (2 _ n) 



35 where n is 1 or 2 and X is alkyl or hydroxyalkyl. 



Anspruche 

40 1 . Packung zur Verwendung bei chromatographischen Trennungen, umfassend inerte Trager-Teilchen mit 

daran gebundenem Silan, das 

(a) eine schwache Anionen-Austausch-Gruppe, die entweder aus 

O 
II 

-(NH)- Oder -(C-NH) - 



besteht, und wenigstens zwei polare nicht-ionische Gruppen jeweils innerhalb dreier Geriistketten-Atome 
derschwachen Anionen-Austausch-Gruppe und 
so (b) hydrophobe Bereiche enthalt und wobei die Silan-Bedeckung der Oberflache gro&er als 0,9 ^mol/m 2 

ist. 

2. Packung nach Anspruch 1, worin die Trager-Teilchen Siliciumdioxid, Aluminiumoxid Oder ein organi- 
sches Polymer umfassen. 

3. Packung nach Anspruch 1 oder 2, worin die Trager-Teilchen einen Durchmesser von 2 pm bis 30 \im 
55 haben. 

4. Packung nach Anspruch 1, 2 Oder 3, worin die schwache Anionen-Austausch-Gruppe eine sekundare 
Amin-Gruppe ist und die polare nicht-ionische Gruppe eine Hydroxyl-Gruppe ist. 

5. Packung nach Anspruch 4, worin das gebundene Silan eine Gruppe der Formel 

12 



EP 0 276 138 B1 



S i -CH 2 -CH 2 -CH 2 -0~CH 2 -CH-CH 2 -NH- ( CH 2 ) n »OH 

OH 

5 

umfalit, in der n eine ganze Zahl von 2 oder 3 ist. 

6. Packung nach irgendeinem der Anspriiche 1 bis 3, worin die Gruppe eine der Formel 

O 
II 

Si-CH 2 -CH 2 ~CH 2 -0-CH 2 -CH-CH 2 ~0-C-NH-CH 2 -CH 2 -OH 

OH 



15 ist. 

7. Packung nach Anspruch 4, worin das gebundene Silan eine Gruppe der Formel 

X 
I 

20 S i~CH 2 -CH 2 -CH 2 -0-CH 2 -CH-CH 2 -NH-C ( CH 2 OH ) n H ( 2 _ n } 

OH 



umfafit, worin n 1 oder 2 ist und X Alkyl oder Hydroxyalkyl ist. 

25 8. Verfahren zurTrennung von Oligonucleotiden, umfassend das Mitfuhren von Oligonucleotiden in einer 

mobilen flussigen Phase und das chromatographische Einwirkenlassen der Oligonucleotiden auf eine Packung 
nach irgendeinem der vorhergehenden Anspriiche vermittels Hindurchleiten der mobilen Phase durch die 
Packung, wobei Mechanismen sowohl der Phasenumkehr als auch des lonenaustauschs angewandt werden, 
urn die Trennung zu bewirken. 

30 9. Verfahren nach Anspruch 8, worin die mobile Phase einen pH-Wert von 4,0 bis 8,5 hat. 

10. Verfahren zur Formulierung einer chromatographischen Packung zur Verwendung bei der chromato- 
graphischen Trennung von Oligonucleotiden, umfassend entweder die Umsetzung eines reaktionsfahigen 
Silans mit einem modifizierenden Reagens, das eine schwache Anionen-Austausch-Gruppe und eine polare 
nicht-ionische Gruppe enthalt, urn ein modifiziertes Silan bereitzustellen, und danach die Umsetzung des modi- 

35 fizierten Siians mit einem Trager, oder die Umsetzung des reaktionsfahigen Silans mit dem Trager und danach 
mit dem modifizierenden Reagens, wobei das modifizierte Silan 

(a) eine schwache Anionen-Austausch-Gruppe, die entweder aus 

O 

« 

- (NH) - Oder -(C-NH)- 



besteht, und wenigstens zwei polare nicht-ionische Gruppen jeweils innerhalb dreier Geriistketten-Atome 
derschwachen Anionen-Austausch-Gruppe und 
45 (b) hydrophobe Bereiche enthalt und wobei die Silan-Bedeckung der Oberflache grd&er als 0,9 nmol/m 2 

ist. 

1 1 . Verfahren nach Anspruch 1 0,. worin das modifizierende Reagens eines der Formel NH 2 -(CH 2 ) n -OH ist, 
worin n entweder 2 oder 3 ist. 

12. Verfahren nach Anspruch 10, worin das reaktionsfahige Silan y-Giycidoxypropyltrimethoxysilan ist und 
so das modifizierende Reagens 2-Aminoethanoi ist 

13. Verfahren nach Anspruch 10, worin das modifizierende Reagens eines der Formel 



55 



NH 2 -C(CH 2 OH) n )H (2 _ n) 



ist, worin n 1 oder 2 ist und X Alkyl oder Hydroxyalkyl ist. 
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Revendications 

1. Un garnissage utile dans des separations chromatographiques comprenant des particules de suppport 
inertes auxquelles sontfixe un silane qui contient [a] un groupe d'echange d'anion faible consistant en 

5 

-(NH)- ou -(C-NH)- 
I! 
□ 

10 

et au moins deux groupes non ioniques polaires chacun entre trois atomes de la chaTne du squelette du groupe 
d'echange d'anion faible [b] des regions hydrophobes et dans lequel ia couverture superficielle de silane sur 
les particules est supeneure a 0,9 u.moIe/m 2 . 

2. Un garnissage suivant la revendication 1, dans lequel les particules de support comprenant la silice, 
15 I'alumine ou un polymere organique. 

3. Un garnissage suivant ia revendication 1 ou ia revendication 2, dans lequel les particules de support 
ont un diametre de 2 j*m a 30 j*m. 

4. Un garnissage suivant Tune quelconque des revendications 1 a 3, dans lequel le groupe d'echange 
d'anion faible est un groupe amine secondare et le groupe non ionique polaire est un groupe hydroxy. 

20 5. Un garnissage suivant la revendication 4, dans lequel le silane fixe comprend un groupe de formule 



3i-CH2-CH2-CH2-0-CH 2 -CH^CH2-NH-fCH2] n -»QH 

I 

25 

OH 

dans laquelle n est un entier de 2 ou 3. 

6. Un garnissage suivant I'une quelconque des revendications 1 & 3, dans lequel le groupe a la formule 

30 

O 
II 

5i-CHs-CH2-CH2-0-CH2-CH-CH2-0-C-NH-CH 2 -CH2-OH 

I 

OH 

7. Un garnissage suivant la revendication 4, dans lequel le silane fixe comprend un groupe de formule 

40 

X 
I 

Si-CH2-CH£-CH 2 -0-CH£-CH-CH £ -NH-C{CH£OH)n-Hf2-n) 

I 

OH 



dans laquelle n est 1 ou 2 et Xest un groupe alkyle ou hydroxyalkyle. 

8. Une methode de separation d'oligonucleotides qui comprend I'entraTnement des oligonucleotides dans 
so une phase liquide mobile et ia soumission des oligonucleotides a une chromatographie dans un garnissage 

suivant Tune quelconque des revendications prec6dentes par passage de ia phase mobile a travers le garnis- 
sage, de facon a utiliser a la fois les mecanismes de phase inverse et d'echange d'ions pour effectuer la sepa- 
ration. 

9. Une methode suivant la revendication 8, dans laquelle la phase mobile a un pH de 4,0 a 8,5. 

55 10. Une m6thode de formulation d'un garnissage chromatographique utile dans la separation chromato- 

graphique d'oligonucleotides, qui comprend soit la reaction d'un silane r6actif avec un reactif de modification 
contenant un groupe d'echange d'anion faible et un groupe non ionique polaire pour fournir un silane modifie 
et ensuite la reaction du silane modifie avec un support, soit la reaction du silane reactif avec le support et 
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ensuite avec le reactif de modification, dans laquelle le silane modifie contient [a] un groupe d'echange d'anion 
faibie consistant en 

-INH)- ou -fC-NH]- 
ii 
□ 

et au moins deux groupes non ioniques polaires chacun entre trois atomes de la chaTne du squelette du groupe 
10 d'echange d'anion faibie et [b] des regions hydrophobes et ou la couverture superficielle de silane sur les par- 
ticules est superieure a 0,9 nmole/m 2 . 

11. Une methode suivant la revendication 10, dans laquelle le reactif de modification est represente par 
la formule NH 2 -[CH 2 ] n -OH, ou n est 2 ou3. 

1 2. Une methode suivant la revendication 1 0, dans laquelle le silane reactif est le y-glycidoxy propyltrime- 
15 thony silane et Tagent de modification est le 2-amino§thanol. 

13. Une methode suivant la revendication 10, dans laquelle le reactif de modification est represente par 
la formule 



20 X 

I 

NH2-C(CH2QHj n H(2-n| 
25 ou n est 1 ou 2 et X est un groupe alkyle ou hydroxyalkyle. 
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